The Voigt-Hjerting function is fundamental in order to correctly model the profiles of absorption lines imprinted in the spectra of bright background sources (e.g. quasars) by intervening neutral hydrogen. In this work we present a simple analytical approximation to this function in the context of intergalactic neutral hydrogen absorption-line profiles. Using basic calculus tools, we derive an expression that contains only fourth order polynomial and Gaussian functions, and that approximates this function with an accuracy better than 10 −3 per cent. In connection with the absorption coefficient of intergalactic neutral hydrogen, τ HI (λ), this approximation is valid for an arbitrary wavelength baseline, for column densities up to N HI = 10 22 cm −2 , and for damping parameters a 10 −4 , i.e. the entire range of parameters characteristic for intergalactic neutral hydrogen in a variety of absorbers. We hence derive an approximation to the Voigt-Hjerting function that is both accurate enough and easy to handle, and with which Voigt profiles can be calculated in a reliable and very simple manner.
INTRODUCTION
Absorption processes and their signatures (absorption lines) imprinted on the spectra of bright background sources (QSOs, GRBs, etc.) are one of the main sources of information about the physical and chemical properties of intervening systems. It is well known that information about temperature, density, chemical abundances, and kinematics can be extracted from the analysis of these absorption lines. For instance, a detailed insight into the physical state of the intergalactic medium (IGM) is provided by the analysis of the absorption lines found in the spectra of distant quasars (QSOs) (see e.g. Hu et al. 1995; Kim et al. 1997) . These lines are due mainly to absorption by neutral hydrogen (HI) present in a class of low column density absorbers generally known as Lyα Forest, and due to other elements in low ionisation stages (CII, CIV, SiII, MgII, FeII, OII, etc.) , which arise in high column densities absorbing systems associated with galaxies such as the Lyman Limit Systems (LLS) and Damped Lyα Absorbers (DLA). A wealth of information about the distribution, density, temperature, metal content, etc. of these systems is now available as a result of exhaustive and extensive studies of QSO absorption lines (see e.g. Rauch 1998; Rao 2005 , for a review on Lyα absorbers, and on metal systems and DLAs, respectively).
In this type of analysis, and within the realm of a given cosmological model, the number and observed central wavelength of the ⋆ E-mail: tepper@astro.physik.uni-goe.de absorption lines provide information on the spatial distribution of the absorbing systems. On the other hand, knowledge about the actual physical state of these systems can be obtained basically from the line profile. This is a tricky task though, since the accuracy with which line counting and line profiles can be determined highly depends on the resolution of the observed spectra. Furthermore, lines can superpose (line blending) and it is a difficult task to determine if the measured profile is actually a blend of various single profiles and how many components are contributing to the absorption.
If one assumes that the physical state of the absorbing medium is defined by its temperature and column density, single absorption line profiles are ideally described by Voigt profiles. Mathematically, a Voigt profile is given by the convolution of a Gaussian and a Lorentzian distribution function, also known as Voigt-Hjerting function (Hjerting 1938) , and a constant factor that contains information about the relevant physical properties of the absorbing medium (cf. Sect. 2.1). Any departure from a pure Voigt profile in the observed lines is expected to yield information about the kinematic properties (non-thermal broadening, rotational or turbulent macroscopic motions), as well as spatial information (clustering) of the absorbing medium.
The Voigt-Hjerting function has long been known and, consequently, various numerical methods to estimate and tabulate this function have been developed and presented (Hjerting 1938; Harris 1948; Finn & Mugglestone 1965 , and references therein). Also, a great effort has been done in order to derive an approximation to this function that reproduces its behavior with high accuracy (see e.g. Whiting 1968; Kielkopf 1973) . With help of these methods, computational subroutines have been developed that make it nowadays easy to numerically integrate this function for a wide parameter space (Humlicek 1982 , and references therein).
The aim of this work is to significantly improve the practical handling of the Voigt-Hjerting function. We show that it can be approximated with a non-algebraic polynomial function, and that the error made in this approximation is negligible when modeling Voigt profiles for intergalactic HI. In contrast to Kielkopf (1973) and starting with an exact expression for the Voigt-Hjerting function in terms of an infinite series, we first show that this series may be truncated to first order in a. We then search for an approximation to the second term of this series, and find an expression which is mathematically simple to handle and can thus be easily implemented. One of the advantages of such an analytic expression in terms of simple functions is that the many steps and operations needed for numerical integration, or to read from look-up tables of values are replaced by a single step with simple operations. Therefore, it is very useful for practical purposes, e.g. in computational subroutines where such profiles have to be calculated many times, for instance, when simulating Lyα absorption spectra (see e.g. Zhang et al. 1997; Richter et al. 2005) , or in linefitting algorithms like AUTOVP (Davé et al. 1997) or FITLYMAN (Fontana & Ballester 1995) , used to fit and obtain the parameters (redshift, column density, Doppler width) of Lyα absorption lines.
This work is partially intended as a didactic one and thus tends to be self-contained. The reader may find that many of the results presented here are already known to her. However, for the sake of simplicity only the main steps in the derivations of these results are shown. Further details can be obtained from the author on request. In Sect. 2 we briefly outline the origin of the Voigt-Hjerting function in absorption processes, and define the context in which the derived approximation of the Voigt-Hjerting functions is of interest to this work. In Secs. 3 and 4 the desired approximation is derived, and an application of it is given in Sect. 5. In Sect. 6 our main results are summarised.
THE VOIGT-HJERTING FUNCTION REVISITED

The Voigt-Hjerting function in the context of HI Absorption Lines
The electronic transitions of an atom, for instance the Lyman transitions (Lyα, Lyβ, etc.) of the neutral hydrogen atom from the ground state to higher energy levels, correspond in principle to well defined energies E i given by the energy difference between the initial (ground) state and the final (here ith) state of the transition. The probability of a photon with frequency ν i = E i /h to be absorbed by an HI electron and cause such a transition is given by the absorption cross-section
where m e is the electron mass and f i is the oscillator strength of the ith transition. However, these transitions are found to take place not only for an exactly defined energy, but for a given range ∆E around E i as well. This natural broadening is due to the fact that the transition does not take place instantaneously, but takes a certain amount of time ∆t. According to Heisenberg's Uncertainty Principle, ∆E · ∆t , so that the spread in energy around E i is approximately given by ∆E ≈ /∆t. Taking into account this radiation damping, the probability of a photon with an energy hν slightly higher or lower than E i to be absorbed by an electron is given by the Lorentz profile
where ν i is the resonant frequency of the ith transition, and the damping constant Γ i is related to the mean lifetime of the transi-
i . Both the absorption cross-section σ i and the Lorentz profile L i quantify the probability of statistically independent absorption processes leading to the same transition, and thus the total probability of a photon to be absorbed by a single, neutral hydrogen atom, i.e. the absorption coefficient, is given by the product of both probabilities,
Note that this expression is valid only in the rest-frame of the atom.
In the more general case of an atom moving with respect to an observer, one has to consider the Doppler shift of the photon frequency in the rest-frame of the atom, which in turn affects the energy range of photons that may be absorbed. If v is the velocity of the atom (observer's rest-frame), and v the projection of v along the line of sight 1 , then the Doppler shift ∆ν i of the resonant frequency ν i is given by
and the absorption coefficient as a function of frequency is simply given by τ i (ν − ∆ν i ). It is clear that for an ensemble of atoms, i.e. a gas, the motion of each individual atom will give rise to a particular shift in the absorption coefficient, and will hence broaden the energy range of photons that may be absorbed. If the motion of the atoms is thermal in nature, it is described in terms of a Maxwellian distribution
where the Doppler parameter b is related to the kinetic temperature
. Here, k is the Boltzmann constant and m p is the proton mass. A measure of the thermal or Doppler broadening of the energy range around E i is thus given by ∆ν D ≡ b c ν i . Under these assumptions, the total probability of a photon to be absorbed within an ensemble of e.g. hydrogen atoms (gas) can be computed by taking into account the total number of absorbing atoms per unit area, which is given by the column density N HI , and considering the effect of the Doppler broadening by taking into account all allowed speeds. Hence, the total absorption coefficient for the ith transition is given by
Expressing frequencies in terms of wavelengths and with the defi- 
with the Voigt-Hjerting function
It can be seen, that the Voigt-Hjerting function, and consequently the Voigt profile, naturally arise in the process of absorption-line formation, when one assumes that the physical state of the absorbing medium is uniquely defined by its density and kinetic temperature. Conversely, it is true that line profiles give information about the physical state of the absorbing medium. In particular, line profiles other than Voigt profiles give information about the departure of the physical conditions assumed here.
The Absorption Coefficient at Low Column Densities
It is well known (Harris 1948; Mihalas 1970 ) that for a < 1 the Voigt-Hjerting function (8) can be expressed as
where the functions H n (x) are defined by
These functions are bounded with respect to n and x, and they have values of the order of unity. Indeed, taking the absolute value of the integral, neglecting the cosine, which takes values of the order of unity, and computing the resulting integral one can show that
for all n ∈ {0, 1, 2, . . .} and x ∈ R. From this we can conclude that if a ≪ 1, the Voigt-Hjerting function can very well be approximated to zeroth order in a by the first term of the series (9), H(a, x) ≈ H 0 (x) , as first noted by Walshaw (1955) . Note that this result is exact in the limit a → 0, i.e. when Doppler broadening dominates over damping broadening. Taking the definition (10), it is not hard to show that
and thus H(a, x) ≈ e −x 2 , for a ≪ 1. We call this the Voigt-Hjerting function to zeroth order.
However, this is approximation is good enough only for small x, as can be seen in Fig. 1 . Here we show the departure of the zeroth order approximation from the actual Voigt-Hjerting function 4 as a function of x (measured in Doppler units from the line center), for a = 10 −4 and a = 10 −8 , which is the range spanned by the damping parameters of the Lyman transitions. Note that 3 For simplicity, we leave out the index i in the definition of a, but one has to keep in mind that its value certainly depends on the parameters of the corresponding transition. 4 The values of the Voigt-Hjerting function were computed numerically using a subroutine kindly provided by S.Knollmann. for a = 10 −8 , which are characteristic of Lyα and higher order Lyman transitions, respectively. Since intervening HI absorbers (LyαForest, LLS, DLAs) typically span a range in column densities of 10 12 − 10 22 cm −2 , Gaussian profiles are a good approximation to absorption line profiles for the lower column densities.
Higher Column Densities and Damping Wings
As already shown in the last section, the approximation to zeroth order of the Voigt-Hjerting function, in connection with the absorption coefficient (eq. 7), is no longer valid for column densities grater than 10 15 cm −2 even though the condition a ≪ 1 is fulfilled. Quantitatively, this can be seen by plugging expression (9) for H into equation (7) 
where
is a constant for the corresponding transition. Despite the fact that a ≪ 1, the product C i · a · N HI can be very large for high 5 column densities, and since the functions H n are of the order of unity, such terms can have a significant contribution to the absorption coefficient. Furthermore, and even more decisive, is the fact that the zeroth order term, e −x 2 , rapidly decreases for large values of x and is, therefore, overwhelmed by higher order terms, which hence dominate the behavior of the absorption coefficient, as can be seen in Fig. 2 , where we show the relative difference of the zeroth to the first order term as a function of x for two different values of a. Note that the first order term dominates for x 3 and x 4, for a = 10 −8 and a = 10 −4 , respectively. Even though this term also vanishes for large x, its relative contribution is greater than that of the zeroth order term in the ranges stated above. To shed some light on this, consider that intervening HI systems have temperatures that correspond to Doppler parameters in the range 10 − 100 km s −1 . For a typical Doppler parameter of 36 km s −1 , the Doppler broadening of Lyα is of the order of 0.1 Å. Out to x ≈ 5 the Voigt-Hjerting function is of the order of 2 · 10 −6 , and with a = 10 −4 , C i of the order of 10 −10 cm 2 and N HI = 10 20 cm −2 , the absorption coefficient reaches values of order unity and the absorption is severe at this wavelength, which indeed gives rise to the damping wings. For x = 5, the zeroth order term satisfies H 0 (x = 5) ≈ O(10 −11 ), and the behavior of τ is entirely governed by the terms of order n 1 in the series (9), as can be seen in Fig. 1 . For these reasons, and even though the damping parameter satisfies a ≪ 1, the absorption coefficient cannot simply be approximated by a constant times e −x 2 . One actually has to take into account terms of higher order of the series (9), at least to first order in a, i.e. H(a, x) ≈ H 0 (x) + a · H 1 (x) . In fact, one should take into account all terms up to Nth order for values of (C i · a · N HI ) that are within an order of magnitude 6 or greater than the absolute difference between the sum N n=0 H n (x) a n , and the exact Voigt-Hjerting function. However, we will show that this first order approximation is enough to accurately model absorption line profiles for the range of parameters (a, N HI , C i ) characteristic to intervening HI absorbers. Since H 0 is known, our task consists in computing the function H 1 .
Integrating this equation partially, and computing the resulting Sinus transform of a Gaussian it follows (Mihalas 1970 )
where we adopt the notation first introduced by Miller & Gordon (1931)
F is known as the Dawson function (Dawson 1898) . We want to show that a simple analytic expression can be found which approximates this function, and hence the function H 1 , with a very high accuracy for practical purposes.
Properties of the Dawson-Function
We briefly want to state some important properties of the DawsonFunction. First, this function is antisymmetric, i.e. F(−x) = −F(x) for all x ∈ R. Because of this, from now on we restrict our analysis to x 0. Furthermore, F is bounded, since H 1 is bounded itself (cf. Sect. 2.2), and one can show that the upper bound is given by
, where x 0 is defined by the condition Differentiation with respect to x gives
From this last equation and eq. (15) it follows that
We want to know how this function behaves asymptotically, i.e. for x ≪ 1 as well as for x ≫ 1. Using the power series of the exponential we get
In this case, the sum and the integral operator commute, since the power series of the exponential converges uniformly in any interval [a, b] , Forster 1983, p. 169) . Expressing the term e −x 2 by its corresponding power series and rearranging terms, this equation reads in explicit form
Thus, for x ≪ 1 the Dawson-Function behaves asymptotically up to third order as
In order to investigate how F behaves for x ≫ 1, we first rewrite the function (16) with the replacement v ′ = x − v and the aid of the power series of the exponential as
with the definition
It is not hard to see that every term of the series (22) is separately bounded with respect to x as well as n. Making the replacement v ′ = 2vx in eq. (23) for x 0 we get for n ∈ N 0
where R n (x) is a polynomial function. Now, for x ≫ 1, we may drop all terms which contain an exponential factor and in this way we get the asymptotic form
It can be seen from this expression that F vanishes as 1 2x
for x → ∞, and that the first derivative (eq. 17) also vanishes in this limit. We require that both these conditions be fulfilled by our desired approximation as well.
THE ANALYTIC APPROXIMATION D 1
Equation (22), together with eq. (23) is an exact expression for the Dawson function. However, this expression is not suitable for practical computation. We therefore explore the possibility of finding an expression which can be easily used to compute the value of F for any value of its argument. In particular, we shall see if it is possible to truncate the series (22) in order to find an approximation to F, which has all its properties (cf. sec 3.1), which converges for x → ∞ as well as for x → 0, and which is well defined in the whole range [0, ∞). For instance, equations (21) and (25) do not fulfill these requirements. Nevertheless, they show us how our desired function has to behave asymptotically. Let us define
where the I n (x)'s are given by eq. (23). Using this definition we get
It is easy to show that this function behaves qualitatively in the same way as F does, i.e. it is antisymmetric, bounded, and has no roots in the positive semi-axis. Besides these qualitative properties, both these functions have the same asymptotical behavior. Indeed, up to third order we have for x ≪ 1
as can be shown by expanding the exponentials in eq. (27) in terms of their power series. A glance at eq. (21) makes the similarity between F and D 1 evident. For x ≫ 1 we get from eq. (27), neglecting the exponentials,
i.e., the same as for F (see eq. 25). Furthermore, the first derivative of both functions is unity at x = 0 and vanishes for x → ∞. 
The sum in this last equation, i.e. the actual error in our approximation F(x) ≈ D 1 (x), is a positive semi-definite quantity, since each term of the sum has this property. From this, it is true that 0 D 1 (x) F(x) for x ∈ [0, ∞). Furthermore, since both F and D 1 converge to zero for x → 0 as well as for x → ∞, and both these functions are bounded, it follows from eq. (29), that the error also vanishes for x → 0 as well as for x → ∞, that it is also bounded and that its absolute value is less equal than max {F(x) − D 1 (x)} x>0 .
From this, and since their respective maxima are slightly shifted with respect to each other, one is led to the conclusion, that the maximum error in our approximation occurs near the maximum of these functions, i.e. in the vicinity of x = 1. Applying the MeanValue Theorem of Calculus we can rewrite eq. (23) as
where α has a fixed (but yet unknown) value in the interval [0, 1]. Using this result and eq. (29), the error can be expressed as
The sum can be recognized as the power series of the exponential e (αx) 2 , up to the first two terms, and using this fact we can express the latter equation in closed form as
It is clear from this last expression that the error vanishes for x → 0. Furthermore, since 0 α 1 it follows that 2 − α > 0, and hence both exponentials in the above expression have negative powers. It is thus easy to see that the error vanishes for x → ∞ as well, as stated above. In order to estimate the maximum error, one could in principle take the right-hand side of the latter equation,
equal its derivative with respect to α to zero, and solve for α. Although mathematically correct, this way is painful, since solving such an equation for α is far from trivial. Besides, in this way we would be able to estimate only the maximum possible error, but not the actual error. As a less rigorous but more practical alternative, we choose to plot the function E(x; α) versus x for various values of the parameter α, in order to graphically estimate what is the order of magnitude and range of the error. Fig. 3 a) shows the function E(x; α) for α ∈ { , 1}. Notice how the error very rapidly drops to zero for values below x = 1 and above x = 2, respectively. It can also be seen, that the maximum error drops dramatically for smaller α. The maximum possible error corresponds to α = 1 and is about 25% at x ≈ 1.2. By computing the difference of F and D 1 , it turns out that the maximum difference amounts to nearly 0.04 units, which translates into a relative error of less than 8 per cent. By comparing with Fig. 3 , one finds that this error constrains α to a value between 1/2 and 3/5.
If a higher precision is required, one can use the approximation F(x) ≈ D 1 (x) + E(x; 3/5), according to eqs. (32), (33), and the value of α found graphically. However, we prefer to stick to our approximation F(x) ≈ D 1 (x) to keep it as simple as possible. 
H(a, x) to First Order
Once we have found an approximation to the Dawson function, we can use it to give the desired expression for the Voigt-Hjerting function. Replacing the function F by our approximation D 1 (eq. 27) into eq. (18), taking the corresponding derivative and rearranging terms we get
where we have defined
We want to highlight the fact that equation (34) is well defined, ie it has no singularities, in the whole interval [0, ∞). Furthermore, it converges to the correct value in the limits x → 0 and x → ∞. Indeed, it is easy to show that lim x→0 H 1 (x) = −2 √ π , and lim x→∞ H 1 (x) = 0 , whether one uses for H 1 (x) the exact expression (15) or the approximation (34). In contrast, in approximations to the Voigt-Hjerting function to model Voigt profiles often used in the literature (see e.g. Spitzer 1978; Zhang et al. 1997) and given in the form c 1 · e −x 2 + c 2 · 1 x 2 , where the c i 's are constants, the second term which represents the Lorentzian damping clearly diverges for x → 0, and one has to artificially define the wavelength range in which this second term is used. It is customary to neglect the term for low column densities and in the vicinity of 0, but how to exactly choose the values of N HI and the radius of the vicinity is unclear and completely arbitrary.
Plugging the expressions for H 0 (eq. 12) and for H 1 (eq. 34) into eq. (9), and taking into account that a ≪ 1, we can neglect the terms of second order in a and we get for the Voigt-Hjerting function
This expression is symmetric in x, as it should be, so it is valid for x ∈ R and a ≪ 1. According to eq. (36), the Voigt-Hjerting function can be regarded as a "corrected" Gaussian, where the correction term depends on the damping parameter a. In the context of the . Maximum difference between the approximation of the VoigtHjerting function (eq. 36) and the exact function relative to its peak value, as a function of the parameter a. Note that for a < 10 −4 , i.e. the range of interest in modeling Voigt profiles, the difference is of the order of 10 −5 , which amounts to a relative error of 10 −3 per cent with respect to the peak value of the function. The mean (dotted curve) and median (dot-dashed curve) difference as a function of a are also shown for reference.
absorption coefficient of HI, this correction term depends also on the column density N HI , of course, via the quantity a · N HI . In order to quantify the error in our approximation of H, we compute for x ∈ [0, 6] (in Doppler Units) the absolute value of the maximum difference between eq. (36) and the exact Voigt-Hjerting function 7 relative to its peak value, as a function of a. This is shown in Fig. 4 . Note that this quantity remains nearly constant and well below 10 −5 (which corresponds to a maximum relative error at peak of 10 −3 per cent) for a in the range 10 −8 − 10 −4 characteristic for intervening HI absorbers. Note furthermore, that this is the maximum difference, which has a support of measure zero. Even for unrealistic values of a as large as 0.1, the maximum error relative to the peak value amounts to one per cent. Remember however, that our approximation is not valid for such values of a in the context of intergalactic HI absorbing systems. For reference, the mean (dotted curve) and median (dot-dashed curve) difference relative to the peak value of H as a function of a are also shown in Fig. 4 . These quantities both remain nearly constant and below 10 −6 for a in the range 10 −8 − 10 −4 .
APPLICATION
As an application of our approximation to model Voigt profiles, we fit synthetic spectra to the observed spectra of two quasistellar sources: QSO J2233-606, a relatively bright (B = 17. the complex at λ = 3488 Å with three components, shown with more detail in Fig. 6 , the agreement is notorious.
In order to illustrate that our approximation to the VoigtHjerting function also works well for high column densities characteristic to damped Lyα systems (DLAs), we fitted a line profile to the DLA found at a redshift of z abs = 0.93 along the line of sight to one of the two images of the lensed quasar HE 5012-3329, denoted as QSO B0512-3329. This source was discovered by Gregg et al. (2000) in the course of a Cycle 8 Hubble Space Telescope (HST) imaging snapshot survey using the Space Telescope Imaging Spectrograph (STIS). The data of the spectrum used here were retrieved from the MAST website 9 , and can be found in the data set O6FB04010, in its version available on January 23th, 2006. Here we used column density measurement performed by Lopez et al. (2005) , which find a value of log N HI = 20.47 ± 0.08 dex. Additionally, a single Lyα absorption feature, also reported by Lopez et al. (2005) , corresponding to a system redward of the DLA at a redshift of z abs = 0.9366, with column density N HI = 10 18.8 cm −2 and a Doppler parameter b = 20.0 km s −1 was also fitted to the spectrum. As in Figs. 5 and 6, other strong absorption features such as MgII, MgI, FeII, FeI, and CaI, associated with the DLA (Lopez et al. 2005 , and references therein), and further Lyα lines were not fitted. The observed and fitted profile are shown in Fig. 7 . The observed spectrum is normalised with respect to the continuum level. The fitted profile includes the ±σ range corresponding to the uncertainty of ±0.08 dex inherent to the measurement of the column density. Note again the excellent agreement between the observed and the synthetic profile, if one neglects the other absorption features which are not fitted.
SUMMARY
The absorption lines imprinted in the spectra of background sources yield a wealth of information about the physical and chemical properties of the intervening absorbing material, i.e. of the medium between object and observer, as is the case of intervening neutral hydrogen (HI) absorbers. In order to extract the desired information 9 See www.archive.stsci.edu Damped Lyα system at z abs = 0.93 in the spectrum of the quasar QSO B0512-3329 (shaded area), retrieved from the MAST website. The solid and dashed lines represent, respectively, the fit to the absorption feature and ±σ ranges corresponding to the uncertainty in the measurement of the column density, using our approximation to the Voigt-Hjerting function and the line parameters obtained by Lopez et al. (2005) . A second Lyα absorption feature, also identified by Lopez et al. (2005) , corresponding to a absorbing system with a column density of N HI = 10 18.8 cm −2 and a Doppler parameter b = 20.0 km s −1 , at a separation of v = 1043±100 km s −1 redward of the DLA, has also been fitted. from these absorption lines, their profiles have to be modeled in a proper way. The method most widely used is the modeling of lines with Voigt profiles, which are mathematically given by the VoigtHjerting function. This function can either be integrated numerically or its values can be taken from tables. However, both methods are limited and in disadvantage compared to an analytic expression of this function in terms of simple functions (e.g. fourth order polynomial and exponential functions). For instance, numerical integration takes much more computing time and tables are limited by the available range of values.
In this work, we presented a very simple approximation to the Hjerting function in the context of HI absorption lines, with which Voigt profiles can be modeled with high accuracy, for an arbitrary range in wavelength (or frequency), column densities up to 10 22 cm −2 , and for damping parameters satisfying a 10 −4 . Starting with an exact expression for the Voigt-Hjerting function in terms of an infinite series that is valid for a < 1, we showed that this series may be truncated to first order in a. Using this we obtained a simple expression that is useful for practical computation and which does not differ significantly from the exact VoigtHjerting function. As a matter of fact, the error in our approximation amounts to less than 10 −3 per cent in the range of interest for a. An important step leading to this approximation is the fact that it is not the damping parameter alone, but the product a · N HI that determines to which extent terms of order higher than zeroth in this series may be neglected. The zeroth order term of this series, a Gaussian function, is suitable for modeling absorptionline profiles emerging in a medium with low column density, i.e. N HI 10 15 cm −2 . However, for higher column densities, terms of higher order have to be taken into account. We showed that the first order term is enough to accurately model absorption-line profiles for all column densities, while third and higher order terms can be safetely neglected, even for the highest column densities, for the purpose of modeling the effect of intervening HI absorbing systems of the light of background sources.
